Objective: To determine the quantity and quality of description of cognitive rehabilitation for cognitive deficits in people with multiple sclerosis, using a variety of published checklists, and suggest ways of improving the reporting of these interventions. Data sources: A total of 10 electronic databases were searched, including MEDLINE, EMBASE, CINAHL and PsycINFO, from inception to May 2017. Grey literature databases, trial registers, reference lists and author citations were also searched. Review methods: Papers were included if participants were people with multiple sclerosis aged 18 years and over and if the effectiveness of cognitive rehabilitation in improving functional ability for memory, attention or executive dysfunction, with or without a control group, was being evaluated. Results: A total of 54 studies were included in this review. The reporting of a number of key aspects of cognitive rehabilitation was poor. This was particularly in relation to content of interventions (reported completely in 26 of the 54 studies), intervention procedures (reported completely in 16 of the 54 studies), delivery mode (reported completely in 24 of the 54 studies) and intervention mechanism of action (reported completely in 21 of the 54 studies).
Introduction
Although the effectiveness of cognitive rehabilitation programmes for people with multiple sclerosis has been evaluated in previous trials [1] [2] [3] [4] and systematic reviews, 5, 6 researchers have often not provided sufficient details of the interventions. Following the International Classification of Functioning, Disability and Health (ICF) 7 core sets for the focus of rehabilitation in relation to multiple sclerosis, 8 cognitive rehabilitation can be defined as a structured set of therapeutic cognitive activities designed to address cognitive deficits using a range of approaches to improve individuals' everyday functional abilities and promote independence.
Precise and complete descriptions of interventions are needed in rehabilitation research to facilitate replication of the intervention by other researchers and to enable implementation into clinical practice. 9 This has been emphasized by Michie et al. 10 who have stressed the need for greater transparency in reporting complex interventions and have underlined the need for the salient effective components or the 'active ingredients' to be clearly described in research studies.
Two previous reviews found that information relating to treatment dose, delivery format, information about the staff who delivered the intervention 11 and session by session content 12 were poorly reported in trials of cognitive rehabilitation for a range of neurological conditions. Both reviews suggested developing a checklist for reporting interventions in a standardized way, as a standalone 11 or to be used as an adjunct 12 to the Template for Intervention Description and Replication (TIDieR) 13 checklist for researchers. As TIDieR is a general tool for pharmacological and non-pharmacological studies, specific aspects of cognitive rehabilitation (e.g. group size, takehome activities) could be omitted even when following this checklist.
A major limitation of previous reviews and checklists is that by only including randomized controlled trials and a range of non-specific neurological conditions, the findings do not provide a comprehensive overview of research into cognitive rehabilitation for people with multiple sclerosis. The findings of Mitolo et al. 14 suggest there are potentially more studies that could inform the development of a reporting checklist for cognitive rehabilitation specifically for multiple sclerosis.
The limitations within existing systematic reviews imply a more exhaustive examination of what is currently reported about cognitive interventions for people with multiple sclerosis is needed. This would strengthen the validity of existing cognitive rehabilitation checklists. Therefore, our primary aim was to conduct a systematic review specifically focused on the description of cognitive rehabilitation interventions used for people with multiple sclerosis. The focus was interventions targeting memory, attention and executive function, some of the most commonly reported problems in multiple sclerosis. [15] [16] [17] The secondary aims were to evaluate the quality of reporting of interventions and to make recommendations on how to improve the reporting of cognitive interventions.
Methods
We conducted this review in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. 18 We only included studies with people aged 18 years and over, with any type of multiple sclerosis. We included studies involving participants with other neurological disorders (e.g. stroke) if a subgroup of people with multiple sclerosis could be identified or the sample had a substantial number (defined as at least 75% of the participants) of people with multiple sclerosis. We included studies that were a re-analysis or subgroup analysis, or a sub-study of an included primary study.
We included any study that evaluated interventions for memory, attention and executive function in people with multiple sclerosis, with or without a control group. We defined cognitive rehabilitation as a structured set of therapeutic cognitive activities that aimed to improve function and participation in daily activities. 7, 8 The interventions had to occur over more than one session, were delivered in any setting (e.g. hospital or home-based) and in any format (e.g. computer-based, face-to-face, group-based, blended and one-to-one interventions).
We included studies where the primary or secondary outcomes were measures of functional ability. These could be objective neurocognitive/neuropsychological measures (batteries/tests), or self-report measures that assess memory, attention and executive function problems in everyday life. We also included studies reporting outcomes assessing mood, fatigue and general function, to account for the relationship these variables have with self-reported cognitive impairments, and the effect that this has on quality of life. 16, 19 We did not restrict the search strategy by date or geographical location, but excluded studies not published in English.
We conducted searches across a number of electronic databases and set up alerts to highlight new papers published in-between the initial search and the analysis. We developed a search strategy for MEDLINE (Ovid) based on the aforementioned inclusion and exclusion criteria (see Supplementary Data File 1) and modified it for other databases.
The following 10 databases were searched from time of inception to 1 The first author judged the eligibility of the studies by assessing the titles and abstracts against the pre-defined inclusion criteria. We developed a hierarchy (Supplementary Data File 2) for exclusion. Two reviewers obtained full text copies of all potentially relevant studies or studies where there was uncertainty regarding their inclusion and independently assessed whether they met the inclusion criteria. Any disagreements were resolved by discussion with a third reviewer.
Two reviewers extracted data pertaining to the theory and underlying assumptions of the interventions and descriptions of cognitive rehabilitation. We also included relevant items from checklists identified in the literature and applicable to cognitive rehabilitation research. We included items from the TIDieR checklist, systematic reviews by Martin et al. 12 and van Heugten et al., 11 American Psychological Society's publication manual's Journal Article Reporting Standards 20 and Western Journal of Nursing Research 21 checklist for the reporting of interventions. Where multiple reports contained varying descriptions of the content of the same interventional study, this was recorded. Data from multiple reports were not combined into a single data collection form, nor was information from multiple forms combined at this stage.
The various components of the intervention described in each paper were coded against the checklists and frameworks. Content was recorded as complete (based on the description provided for each item), partially reported or missing. A third reviewer checked a random selection (10%) of the data entered. Where corrections were required, we conducted a full audit trail to understand why the error had occurred. As the aim of the review was to report on how interventions were reported, we did not contact study authors to request additional or missing data. A narrative synthesis process 22 was followed for data analysis.
Results
Figure 1 provides a flowchart illustrating the search process. Supplementary Data File 3 provides details of the 54 included studies. The cognitive domains targeted in the rehabilitation programmes of the included studies are presented in Table 1 .
Where similar items from different checklists were identified (i.e. describing the same reporting information), the results of the coding/data extraction were merged (Supplementary Data File 4). Table 2 presents a summary of the findings of the quality of reporting of the included studies based on the merged checklist items. 
Overall quality of reporting of interventions
Information relating to the characteristics of the participants (such as baseline demographic and clinical characteristics) was reported completely in all of the included papers.
Intervention details that were reported partially complete
Who delivered the intervention? The individuals who delivered the intervention were mostly described by their professional training (n = 18; 82%), with the majority being rehabilitation psychologists, psychologists or neuropsychologists.
If the individual who delivered the intervention was reported to have received training (n = 4; 18%), no further information was provided. For example, one paper reported that 'the facilitator (interventionist) was a master's prepared nurse carefully trained prior to the initiation of the study' (p. 884). 2 None of the papers provided any details regarding the therapists' competency level to deliver the intervention.
The intervention 'dose'. The frequency of sessions (n = 50; 93%), total number of sessions (n = 33; 61%) and duration of the intervention (n = 50; 93%) were often reported. However, the actual dose (what actually happened) was missing. Only 17 (31%) papers provided this information (e.g. in the form of descriptive statistics).
The key elements of the intervention, including active ingredients and mechanism of action. Only three papers made specific reference to the active ingredients of the intervention. For example, one paper reported the following: 'The only difference between the groups was that only the treatment group was exposed to the active ingredients of the mSMT (imagery and context)' (p. 2067). 66 In total, 18 (33%) papers reported the key elements of the intervention and the intended mechanism of action, but did not make explicit mention of active ingredients. For example, one paper defined the intervention as ProCog-SEP program […] based on exercises drawn from facilitation/reorganization theories. This technique is defined by the use of preserved functions. It aims to teach the patient to use facilitation strategies to help these preserved functions, like mental imagery, or semantic cues. (p. 554) 64 The majority (n = 29; 54%) of the studies indicated the cognitive rehabilitation strategy, but did 23 Ernst (2012), 24 Ernst (2013), 25 Gentry (2008), 26 Pedulla (2016), 27 Vogt (2009) 28 Carr (2014), 1 Chiaravalloti (2012) 29 Martin (2014) 30 Attention only Amato (2014), 31 Cerasa (2013), 32 Plohmann (1994), 33 Plohmann (1998) 38 Bonavita (2015), 39 Brenknot specify the intended mechanism of action or goal of the key elements. For example, one paper reported, '[…] this investigation focused specifically on training processing speed and working memory, the most fundamental cognitive deficits for multiple sclerosis patients' (p. 114). 48 Procedures. Specific details about the procedures (e.g. 'the methods section of a recipe') as described in the TIDieR 13 checklist were only complete in 16 (30%) papers. This information was incomplete in 36 (66%) of the papers. Information that was often incomplete or missing included session-by-session content and the format of the sessions.
Materials. The intervention materials were reported completely in 12 (22%) papers. For instance, one paper included an example of the patient score sheet used for one of the rehabilitation sessions. In 32 (59%) papers, the materials were not mentioned specifically, but could be inferred from the procedures. In total, 10 (19%) papers did not provide this information.
Intervention details that were reported poorly
Intervention mode of delivery. The mode of intervention delivery (delivered individually or in a group) was often not clear. Only 24 (44%) papers mentioned this explicitly. In eight (15%) papers, the delivery mode could be deduced if information about the setting (e.g. home-based) or format (e.g. computer-based) was reported. For example, one paper reported that the intervention was delivered in the participants' homes; therefore, we assumed that the intervention was individually delivered. Details pertaining to the intervention mode of delivery were not reported in 22 (41%) papers.
Specific to group interventions.
The minimum and maximum number of people in the groups was only reported in one of the 14 group-based or blended studies. Four (29%) studies reported the maximum number of people in each group. The group size was not reported in nine (64%) papers.
Multiple study reports
There were mixed findings when the quality of reporting was compared across several studies reporting the same intervention. For example, more details about the procedures (including how missed sessions were dealt with), the intervention dose, the location and who delivered the intervention (i.e. professional skills and intervention-specific competencies) were provided in the 1-year follow-up to the Sclerosi Multipla Intensive Cognitive Training (SMICT) trial 55 than in the original study 53 or the 2-year follow-up study. 56 However, the quality of the reporting for another trial was observed to be consistent when comparing the primary study 65 to subsequent sub-group 29 and secondary analysis 69 of the Story Memory Technique (mSMT) intervention.
Comparison of the quality of reporting across different reporting checklists

Studies that did well on one checklist and not on others
Three papers 37, 48, 50 performed 'well' (i.e. provided more complete descriptions of the intervention, based on the description provided for each item, where applicable) on the TIDieR checklist. Two papers 37, 50 reported the materials, procedures and tailoring of the intervention completely. All three papers provided partial information for who delivered the intervention. For example, papers mentioned research assistant or neuropsychologist but did not specify what, if any, training they received or how many people delivered the intervention. All three papers did not report whether the intervention was modified (e.g. changes to the intervention provider or intervention material) during the study. For all papers, partial information was reported for the intervention dose, the skills and qualifications of the person who delivered the intervention. All three papers performed poorly on the Western Journal of Nursing checklist, 21 particularly for items relating to the conceptual frameworks of the intervention, intervention materials, intervention procedural items (e.g. the timing of the intervention delivery) and intervention variations. These items were the most poorly reported across all checklists.
Studies that performed well on all checklists
None of the studies performed well on all checklists, but two papers 1,2 were close to achieving this.
Studies that did not perform well on any of the checklists
A total of 44 (82%) papers provided incomplete or missing reports of the session by session content of the interventions (e.g. four papers 28, 29, 45, 58 ). There was no obvious reason for this, nor commonality between the studies in this group, for instance, in terms of mode of delivery (group or individual) or type of study (primary or secondary/sub-group analyses of a primary study).
Discussion
We examined how cognitive rehabilitation for memory, attention and executive function for people with multiple sclerosis is reported in scientific journals. The review showed that, overall, the reporting of the content of cognitive rehabilitation was poor. Specifically, we found that a number of key details needed to aid replication of the study were either reported incompletely or were missing. Information that was partially reported was the key elements of the intervention (including active ingredients and mechanism of action); the theory or conceptual framework for the intervention; details of the content, that is, exactly what participants received; and the intervention 'dose'. Information that was reported poorly was: how the intervention was delivered, whether the intervention was delivered as planned and whether participants adhered. There were no discernible differences in the quality of reporting of the same intervention across multiple study reports (i.e. primary study compared to follow-up and/or secondary analyses). In terms of the checklists used, none of the included papers performed well on all the checklists, with items from the Western Journal of Nursing checklist 21 tending to be reported incompletely or not at all.
Our findings are comparable with previous research that found 50%-70% of non-pharmacological interventions were poorly reported. [73] [74] [75] Specifically, information relating to the theory/ aims of the intervention, 12 the content and intervention procedures, 11, 12, 73, 75 the materials used, 12,73,75 fidelity and adherence 11 was omitted from published studies.
Complete descriptions of interventions are needed to enable replication by other researchers and for implementation into clinical practice. 9 This viewpoint is supported by Cicerone et al., 76 who also suggest that imprecise descriptions may lead to disagreements when interpreting the research evidence. Michie et al. 10 argue for the 'active ingredients' of the intervention needing to be described clearly in research studies. 'Active ingredients' of a complex intervention are the components of the intervention that are 'essential to achieving good outcomes for those targeted by the intervention' (p. 40). 10 We acknowledge that in complex interventions, some of the 'active' ingredients can only be hypothesized based on theory or previous research literature. In our review, only three papers 66, 67, 69 made specific reference to the active ingredients of their intervention, while 18 papers provided information on the intended mechanism of action. This is closely linked with the theory/ conceptual framework upon which the interventions are based (only reported completely in 54% of the included studies). Cognitive rehabilitation is driven by cognitive, emotion, behavioural and learning models and theories. 77, 78 However, the actual contribution of each ingredient to the overall effect of the treatment can only be understood if each of those ingredients were assessed and reported. This might be beyond the scope of some studies and hence is not featured in many of the papers.
There is evidence that checklists can improve the quality of reporting of interventions. [79] [80] [81] [82] However, in a recent scoping review of systematic reviews of adherence to reporting guidelines by Samaan et al., 74 of the 50 included reviews, 43 (86%) reported poor levels of adherence to reporting guidelines. The authors provided a number of recommendations to improve adherence, including the use of appropriate reporting guidelines. Taken together with the existing literature, the findings from this review provide further evidence for the need for more domain/intervention-specific checklists. 9, 11, 12, [73] [74] [75] Several issues came to light during the data extraction and coding process, based on the checklists used. Disparities in coding of different checklist items could be attributed to whether or not an item description was provided, and the level of description/detail provided. Where no item descriptions were supplied, it was left to the reviewers to determine what was required for a specific checklist item. Thus, items on a checklist should be accompanied with a clear and detailed description, as well as with examples.
The coding process that was undertaken in this review highlighted the need for a checklist that is user-friendly, in terms of the number of items contained within it and the way in which items are presented. We suggest a one-page checklist, whereby a tick-box is used to indicate whether a particular aspect of the intervention content has been reported.
The checklists used in this review tended to describe intervention components, such as 'dose' in more medical terminology, which would not be appropriate for some rehabilitation interventions. For example, the Journal Article Reporting Standards 20 checklist includes an item that asks researchers to report how long any effects of the intervention were intended to last. The terminology of our proposed checklist should be appropriate for cognitive rehabilitation, such as the maintenance of strategies or skills targeted in the intervention, as suggested by Sohlberg and Mateer. 83 This may help towards ameliorating the difficulty researchers face using multiple checklists in tandem to report on different aspects of their research.
Our review follows Moher et al.'s 84 recommended steps for developing health research reporting guidelines and previous reviews by van Heugten et al. 11 and Martin et al. 12 These two reviews examined the content of cognitive rehabilitation interventions for a range of neurological conditions, including multiple sclerosis. They also considered several cognitive domains (memory, attention, executive function, language, awareness, visuospatial functioning and apraxia) and found the overall quality of reporting was poor. This current review built on the findings of these reviews, but is unique as it focused solely on studies of the cognitive rehabilitation of memory, attention and executive function for people with multiple sclerosis.
In light of the evidence presented, a domain-specific reporting checklist (i.e. that is appropriate) may facilitate better reporting of the content of cognitive rehabilitation for people with multiple sclerosis. For example, the checklist could include the rehabilitation setting (inpatient, outpatient, home-based), the practical details needed to administer the key elements of the intervention (following fundamental approaches to cognitive rehabilitation to restore cognitive function, the use of compensatory strategies and devices, or environmental modifications 85 ) and the materials used by both facilitators and participants.
A strength of our systematic review is the inclusion of a variety of study designs in the search strategy. This provides a more comprehensive examination of the quality of reporting of cognitive rehabilitation in multiple sclerosis compared to previous reviews. However, one potential limitation of our review is that we only included published studies of interventions for memory, attention or executive dysfunction. While 70% of published cognitive rehabilitation studies in multiple sclerosis target the cognitive domains of memory, attention and executive function, 14 we acknowledge that the studies we included may not be representative of all cognitive rehabilitation research in multiple sclerosis.
Clinical messages
• • Most studies do not adequately report key aspects of cognitive rehabilitation for memory, attention and executive function for people with multiple sclerosis. This may prevent implementation of cognitive rehabilitation clinically. • • Current reporting checklists may be too general, or use terminology that may not be appropriate for cognitive rehabilitation but more suited to drug trials. Therefore, modifications to these or new checklists need to take into account clinicians who deliver cognitive rehabilitation.
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